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particle momentum spectra using EOS-Ib with T
f
= 139
MeV and EOS-I with T
f
= 116MeV and T
f
= 139MeV
are shown in Fig. 2.
The magnitudes of the slopes in the transverse mass spec-
tra have their origin in the freezeout temperature and
the transverse velocity elds at freeze-out. Because the
eective EOS softness [5] is larger in the calculations us-
ing EOS-Ib with T
f
= 139 MeV and EOS-I with T
f
=
116 MeV compared to the calculation using EOS-I with
T
f
= 139 MeV , the values for the maximum transverse
velocity at freeze-out, v
max
?
, are correspondingly larger
(cf. Table I) in the calculations using EOS-Ib with T
f
=
139 MeV and EOS-I with T
f
= 116 MeV compared to
the calculation using EOS-I with T
f
= 139 MeV . But
because in the calculation using EOS-I with T
f
= 116




, hardly any change is seen in the slopes of
the transverse mass spectra compared to the calculation
using EOS-I with T
f
= 139 MeV . A more pronounced
change is seen only in the calculation using the harder
EOS-Ib while keeping T
f
unchanged.
It should be stressed that all calculations discussed so
far (except the calculation using EOS-II) result in single
particle momentum distributions that describe the data
equally well. Although EOS-II was found in the calcula-
tions of hadronic transverse mass spectra to be too soft
(cf. Refs. [3,5]), we shall use it here also for the calcula-
tion of Bose-Einstein correlation functions.
Before we discuss BEC, we briey discuss the thermal
evolution of the various reballs.
Fig. 3 shows the isothermes for the relativistic Pb+Pb
uids governed by EOS-I and EOS-Ib (cf. also Ref. [5])
until freeze-out has been reached. In Ref. [5] it was shown
that the calculation using EOS-I with T
f
= 139 MeV
leads to a reball of a much shorter liftime than the cal-
culations using EOS-II and EOS-III with T
f
= 139MeV .
This behavior is caused by much smaller freeze-out en-
ergy densities, 
f
, in the calculations using EOS-II and
EOS-III compared to the calculation using EOS-I. We
have 
f
= 0.292 [0.126 (0.130)] GeV=fm
3
when using
EOS-I [EOS-II (EOS-III)]. A uid that undergoes adi-
abatic expansion needs more time to reach the smaller
freeze-out energy densities.
Since EOS-II and EOS-III yield similar lifetimes of the
reball, we attempt in the following to increase the life-
time of the system which is governed by EOS-I. This can
be achieved by (a) using a smaller freeze-out temperature
T
f
= 116 MeV , or (b) by hardening the EOS, i.e., using
EOS-Ib instead of EOS-I (without changing T
f
= 139





(cf. Fig. 1 (c) and Ref. [9]).
The lifetime of the reball is reected in Bose-Einstein
correlations of identical pion pairs [14]. Using the
Bertsch-Pratt parametrization [15], a sensitive quantity





), since it reects the eects of trans-
verse expansion [16] as well as the contributions of reso-
nance decay [17] in BEC.
Fig. 4 shows data points taken by the NA44 Collab-





pairs, using the same acceptance as
the experiment. Consistent with expectation, the calcu-
lations using EOS-II, EOS-III, and EOS-Ib give similar
lifetimes and therefore suciently large longitudinally ex-
panded reballs (see Figs. 2,3). These calculations result
in a good reproduction of the pionic NA44 BEC data. In
addition, EOS-III and EOS-Ib produce an excellent de-
scription [3,5,9] of hadronic single inclusive momentum
spectra.
It should be stressed here that a freeze-out temperature
T
f
= 139 MeV was adequate to achieve this agreement.
Also consistent with expectation is that the calculation
using EOS-I with T
f
= 139 MeV gave a longitudinally
expanded reball [5] which was too small. On the con-
trary, it is initially surprising that a reduction of the
freeze-out temperature to T
f
= 116 MeV does not lead
to a large enough longitudinal extension of the reball
in the calculation which uses EOS-I. The reason for this
result is the following: a freeze-out temperature reduc-
tion leads to a larger lifetime of the direct reball, but
because of the lower temperature, the relative fraction
of heavy resonance decay contributions is reduced (by
about 30%), so that the 'resonance halo' is reduced in
size. Hence, the apparent reball, which is a superposi-
tion of the direct (or thermal) reball and the resonance
halo remains more or less unchanged in size.









) are also described rea-
sonably well, especially by those calculations which yield
the larger longitudinal freeze-out extension. The num-
bers in Fig. 4 can be obtained from a 1-dimensional t
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but they should not be taken too seriously. In eq. (1)
the q
i
(i = l; s; o) refer to the components of the momen-






















average pion pair momentum. Furthermore, (
~
K) is the
momentumdependent incoherence factor which accounts
for reductions of the BEC due to long-lived resonances
[17] and averaging due to phase-space, respectively.
In conclusion, by inspecting Fig. 1(b) we can see that
only those equations of state which go through point
C in Fig. 1 reproduce the experimental data on Bose-
Einstein correlations fairly well. Changing the freeze-
out temperature shows hardly any eect. Therefore, the
measurements of Bose-Einstein correlations tell us which
relationship between temperature and energy density is
2
neccessary for a valid choice of an equation of state in
the calculations. Unfortunately, from the above consid-
erations it must be noted that a two-particle BEC used
by itself cannot be used as a tool to determine a possible
phase-transition to a QGP, because the BEC show little
sensitivity to the structure of the EOS.
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TABLE I. Properties of the reballs.
EOS-I EOS-I EOS-Ib
Initial parameters
Rel. fraction of thermal energy
in the central reball, K
L
0.55 0.60 0.60
Longitudinal extension of the
central reball,  [fm]
1.20 1.20 1.20




Rapidity at maximum of initial
baryon y distribution, y
m
0.80 0.85 0.85








































Lifetime of reball, t
max
[fm=c] 13.1 20.2 20.5
Lifetime of QGP, t
QGP


























FIG. 1. Ratio of pressure and energy density, P=, and
temperature, T , as functions of , for the equations of state
EOS-I (solid lines), EOS-II (dashed lines), EOS-III (dotted
lines), and EOS Ib (dashed-dotted lines), respectively. The
dots in plot (b) correspond for each EOS to the starting values
of P= with respect to the achieved initial maximum energy
density 

at transverse position r
?
= 0, (dots correspond
to T
f
= 139 MeV whereas the open circle corresponds to
T
f
= 116 MeV). The squares indicate the nal values of P=
at breakup energy densities, 
f
. The dots A, B, C in plot (c)
indicate the relationship between the temperature and the
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dy, of negative hadrons, h
 
, (c) rapid-
ity spectra of protons (without contributions from 
0
decay)





(including contributions from 
0
decay), p, positive kaons,
K
+
, and positive pions, 
+
, respectively. The solid (double
dotted-dashed [dashed-dotted]) lines indicate the results of
the calculations when using equation of state EOS-I (EOS-I
[EOS-Ib]) with T
f
= 139 (116 [139]) MeV . The open circles
represent preliminary data taken by the NA49 Collaboration,
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FIG. 3. Isothermes for the relativistic uids governed by
EOS-I, and EOS-Ib at r
?
= 0, respectively. For EOS-I the
lines (beginning with the most outer curves) correspond to
temperatures, T = 116 MeV , 120 MeV , 140 MeV , 160 MeV
... etc. For EOS-Ib, the outer lines correspond to a tem-
perature, T = 140 MeV , and each successively smaller curve
represents a reduction in temperature by T = 20MeV . The
lines c = 1 represent the light cone.
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Rs = 4.07 fm (EOS-I, 116) 
Rs = 4.40 fm (EOS-Ib, 139) 
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emerging from the low p
?
(horizontal and vertical) accep-
tance setting of the NA44 detector [8]. The data points are
data taken by the NA44 Collaboration [8]. The solid [dashed
[dotted [dashed-dotted]]] lines correspond to the calculations
using EOS-I [EOS-II [EOS-III [EOS-Ib]]] with T
f
= 139MeV ,
and the double dotted-dashed lines correspond to the calcu-
lation using EOS-I with T
f
= 116 MeV . The values of the
inverse width parameters, R
i
(i = l; o; s), have been obtained
from the Gaussian Bertsch-Pratt parametrization (see text).
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